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Introduction
Recent decades have witnessed severe drought events across Europe (Fink et al., 2004; Marsh, 2004; Todd et al., 2013; Lennard et al., 2014; Spinoni et al., 2015) with serious impacts including reductions or loss of water supply, decreased agricultural production and power generation, environmental degradation and even loss of life (Cole and Marsh, 2006; Briffa et al., 2009; Hannaford et al., 2011; Lennard et al., 2014) . Appropriate drought planning, particularly in the context of future climate change begins with understanding the magnitude and socio-economic impacts of past events. To this end a growing number of studies are using long-term observations alongside documentary evidence to identify and assess historical droughts (Mishra and Singh, 2010; Gosling et al., 2012; Watts et al., 2012; Lennard et al., 2014; Lennard et al., 2015; Kingston et al., 2015) .
For example, Marsh et al. (2007) and Cole and Marsh (2006) In Ireland, less detailed work has been conducted on historical droughts. Laoghog (1979) investigated the impacts of the severe drought of 1974 -1976 . Mac Cárthaigh (1996 analysed the 1995 drought from a water management perspective. Single-site analysis of drought at Armagh Observatory highlights that the lowest rainfall amounts since records began in 1836 fell between April to August 1975 (O'Laoghog, 1979 . Beyond recent experience, historical droughts were briefly discussed by Dooge (1985) for the period AD 759-1408. More recently, examined the persistence of meteorological droughts using the Island of Ireland Precipitation (IIP) network 1850-2010 . This study demonstrated the potential for below average rainfall to persist for periods in excess of nine seasons (winter and summer half years). Examples include long dry spells up to 10 seasons in length at Belfast (1853 Belfast ( -1858 , Cappoquinn (1969 -1973 ), Phoenix Park (1903 -1908 and Strokestown (1912 Strokestown ( -1919 , thus highlighting Ireland's vulnerability to long dry-spells .
The objectives of this work are two-fold: first this research seeks to develop a detailed drought catalogue for the island of Ireland that consolidates and builds on previous work to provide a fuller understanding of the drought climatology of Ireland. In doing so the Standardised Precipitation Index (SPI) is applied to the recently established IIP network to identify drought events for the period 1850-2015. To extend the analysis further, available precipitation reconstructions for the period 1765-1849 are employed. Second, documentary sources, particularly newspaper archives are employed extensively to (i) support the quantitative findings and (ii) explore the socio-economic impacts of notable droughts. The historical drought catalogue and corresponding quantitative data presented in this study will provide a detailed historical perspective on droughts in
Ireland over the last 250 years. Section 2 describes the datasets and methods employed; results are presented in section 3 with the main findings and future work discussed in section 4; the conclusions are set out in section 5.
Data and methods

Observed Rainfall 1850-2015
The Island of Ireland Precipitation (IIP) network consists of homogenous monthly rainfall totals for 25 stations ( Figure 1) Table 3 . Monthly adjustments are all within ±10 per cent, while July and November show largest MAEs.
Standardized Precipitation Index
The widely used Standardized Precipitation Index (SPI) (McKee et al., 1993; Guttman, 1999; Lloyd-Hughes and Saunders 2002; Redmond, 2002; Van Loon, 2015 ) is used to identify drought events. This index was selected as it is applicable to monthly series, does not require additional climatological variables, and is recommended as a key drought indicator (WMO, 2012) . The SPI is calculated by summing precipitation over specified accumulation periods (typically, 1, 3, 6, 9, 12 and 24 months) and fitting accumulation series to a parametric distribution from which probabilities are transformed to the standard normal distribution (McKee et al., 1993; Guttman, 1999; LloydHughes and Saunders, 2002) . SPI values give standard deviations from typical accumulated precipitation for a given location and time of year. This allows the frequency, duration, intensity and magnitude of drought events to be quantified and compared even across climatologically different regions (McKee et al., 1993; Lloyd-Hughes and Saunders, 2002; Jenkins and Warren, 2015) . SPI values between 0.99 and -0.99 are generally considered to be near normal, -1.00 to -1.49 is moderate drought, -1.50 to -1.99 is severe drought, and less than -2.00 is extreme drought (WMO, 2012) .
Choice of accumulation period, reference period and statistical distribution are key methodological decisions when applying SPI. Shorter accumulation periods (1-6 months) are useful for examining agricultural drought, whilst longer durations (6-24 months) are more indicative of hydrological drought and water scarcity (WMO, 2012) . Given the objective of examining impacts across multiple sectors the SPI-12 was derived using the 'SPEI' package in R (Beguería and Vicente-Serrano, 2013) to fit a gamma distribution to accumulated precipitation. 
Drought Identification
Following previous analyses, drought start is defined as the month in which SPI-12 falls below -1.00, with the return to positive values indicating the month of drought termination (Mishra and Singh, 2010; Lennard et al., 2014; Lennard et al., 2015) . Knowing (Whistlecraft, 1851) , are used to supplement newspaper sources.
Results
Results are presented as follows; Section 3.1 chronicles drought events identified in the IoI series Using the definition of a drought rich period as years in which at least 40% of the stations in the IIP network experience events of at least 18 months duration, the following periods are noted: 1854-1860, 1884-1896, 1904-1912, 1921-1923, 1932-1935, 1952-1954 and 1969-1977 . Figure 6 shows the progression and spatial distribution of these events in more detail. Of note is the diversity of drought signatures in terms of their severity and spatio-temporal development. For instance, the events of 1884-1896 and 1969-1977 are marked by intermittent periods of extreme and moderate drought conditions, while the events in 1854-1860, 1932-1935 and 1952-1954 are characterised by prolonged, severe drought conditions. The 'long drought' of 1854-1860 previously identified in the IIP network and UK (Marsh et al., 2007) series is evident. However, in the south and southeast this event appears more intense but shorter in duration. The drought period of 1921-1923 is the least spatially extensive of those considered, and falls just short of meeting the criteria set out for drought identification. However we include it in our analysis as it has been recorded as an event of note in other work covering Ireland (Cook et al. 2015 ) and the UK (e.g. Lennard et al. 2015) respectively. For this period extreme drought conditions are noted as persisting for a relatively long period at a small number of stations. In the following sections each of the drought rich periods identified above are further analysed, furthermore their development and impacts are traced with reference to documentary evidence using the sources outlined in section 2.5.
Note that when tracing the evolution of each drought, the date of publication of newspaper articles is also provided. 
Reconstructed drought events 1765-1849
For the period of reconstructed rainfall (1765-1849) Figure 7 plots SPI-12 for the IoIext series. Of note is the lack of drought in the early record (~1766 to 1775). In total 23 droughts are identified throughout the reconstructed period, seven of which are shorter events lasting less than 10 months. Table 5 gives statistical details on each drought and an overview of the accompanying documentary evidence. There is evidence that, at least early stages of the event, drought effects were not island-wide with counties Leitrim and Roscommon producing potatoes and other crops for supply to severely impacted areas in the south and west (FJ,03.01.1801, page 2). In 1802, Irish officials put in place financial support to import maize from the United States to alleviate the emergency (Ó Gráda, 2015) . There are also a number of references to this period in the 1851 Census, which notes that summer of 1800 was unusually hot and dry, and in the period June-September 1803 Ireland was "nearly burned by drought", with springs and rivulets drying up (Census, 1851). There is also (Kelly, 1992; Ó Gráda, 2015 Gráda, 2015) .
Discussion
The assessment of drought occurrence and impacts presented here yields new insights into the experience of drought in Ireland. The IoI (1850 IoI ( -2015 and IoIext (1765-1849) series reveal 68 individual drought events over the last 250 years. Fourteen long duration droughts (>18 months) are identified, with seven in each of the IoI (see Table 4 ) and IoIext (see Table 5 ) series. Table 4 presents the top ten ranked droughts based on mean intensity, accumulated SPI deficits, duration and maximum intensity. Depending on which metric is prioritised a different set of events and ranking is returned highlighting the difficulty of using a single metric in drought analysis. For example the drought event of 1854-1860 is ranked first for duration and accumulated SPI deficits but drought events in 1887-1889 and 1933-1934 (2015) highlight that the probability of a dry half-year followed by another dry halfyear is currently lowest since 1850. Important future work is to explore the potential drivers of change in the recent experience of droughts to ascertain the likelihood of a return to longer duration events of earlier centuries. We note that there has been limited exploration to date regarding the impacts of anthropogenic climate change on droughts for Ireland. -1860, 1884-1896, 1904-1912, 1921-1923, 1932-1935, 1952-1954 and 1969-1977, revealing substantial variations in terms of drought development, severity, and spatial extent across the network as a whole (see Figure 6 ). For instance, 1884-1896 is characterised by spatially uniform clusters of extreme drought events, while 1854-1860 is characterised by protracted drought conditions with the event being markedly shorter and more severe in the southeast. Drought in the period 1921-1923 is the least spatially coherent and less severe. This is in contrast to [1932] [1933] [1934] [1935] where 21 stations experienced maximum SPI-12 values greater than -2.00 ( Figure 6 ). Results for the period [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] show that drought across the west and northwest was generally less severe than the south and southeast. This contrasts with earlier droughts (e.g. [1854] [1855] [1856] [1857] [1858] [1859] [1860] [1884] [1885] [1886] [1887] [1888] [1889] [1890] [1891] [1892] [1893] [1894] [1895] [1896] [1932] [1933] [1934] [1935] where all regions were severely affected. Such diversity questions the practice of using single events for tasks such as drought planning. Uncovering the climatological drivers of drought rich periods (e.g. As with any drought assessment subjective decisions were necessary that may have influenced results. Firstly the SPI metric was chosen given data availability and its wide use (McKee et al., 1993; Guttman, 1999; Lloyd-Hughes and Saunders 2002; Redmond, 2002; Guttman, 1999; Van Loon, 2015 
Conclusions
This research has developed a 250 year drought catalogue for Ireland. Employing the Standardised Precipitation Index (SPI) to identify droughts across 25 stations in the Island of Ireland Precipitation (IIP) network and an IoI series shows that the region is surprisingly drought prone. During the period 1850-2015, seven major drought rich episodes are identified that impact simultaneously at least 40% of the study sites in 1854-1860, 1884-1896, 1904-1912, 1921-1924, 1932-1935, 1952-1954 and 1969-1977 . The detailed analysis of SPI metrics highlights the substantial diversity of events in terms of drought development, severity and spatial extent across the island.
Extension of the analysis to 1765 revealed a further seven drought rich periods, of particular note being the period 1800-1809. Extensive integration of documentary sources from newspaper archives increases confidence in the droughts identified across the 250 years of record. The work shows the value-added by combining qualitative and quantitative evidence of historical droughts to arrive at a more coherent understanding of their development and impacts.
Perhaps the most important finding of this study is that recent decades are not representative of the long-term drought climatology of Ireland. Hence, there is a danger that infrastructure and water resource plans benchmarked against the 1995 drought may underestimate the potential supply deficits that could occur with a return to conditions experienced in the 18th and 19th century.
Further research is needed to improve understanding of the ocean-atmosphere drivers associated with periods of more persistent drought in Ireland. Past severe droughts can also be used to stresstest the resilience of planned water resource developments, at least to the climate variability experienced over the last 250 years. 
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